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Cloning and sequence analysis of the 5'-upstream region of cytochrome P450 


gene CYP9A12 of Helicoverpa armigeral | Hübner| | 
ZHOU Ying-Jun[l] YANG Yi-Hua[] WU Shu-Wen[] WU Yi-Dong'[] Key Laboratory of Monitoring and 
Management of Plant Diseases and Pest Insects[] Ministry of Agriculture[] Department of EntomologyL] College of 
Plant Protection[] Nanjing Agricultural University[] Nanjing | 210095[] China[] 
Abstract] Overexpression of cytochrome P450 CYP9A12 gene has been proved to be associated with 
pyrethroid resistance in the cotton bollworm[] Helicoverpa armigera . Based on the 5'-end nucleotide sequence 
of the full length cDNA of CYP9A12[] the 5'-upstream region of CYP9A12 was obtained by genome walking 
technique to investigate the regulatory mechanism of CYP9A12 gene expression. The 5'-upstream fragment of 3 
575 bp was successfully cloned and sequenced[] and there is an intro] 2 124 bpl located 3 bp upstream of the 
start codon. The transcription initiation site of CYP9A12 predicted by the NNPP software is consistent with 
that deduced from the full length cDNA of CYP9A12. TFSEARCH 1.3 software predicted several cis-acting 
element binding sites in the 5'-upstream region of CYP9A12[] including not only the core promoter sequences 
O TATA-box and CAAT-box[[] but also several transcriptional elementd] GATA-1[] CdxA[] Dfd[] etc .[]. The 
current study will provide an important basis for further investigating regulation of CYP9A12 expression and 
molecular mechanism of CYP9A12 involved in insecticide resistance of H. armigera in future. 


Key words[] Helicoverpa armigera|] cytochrome P450[] CYP9A12[] genome walking[] 5'-upstream region 
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Fig. 1 Schematic diagram of positions of primers used in the study 
Walk 1 0 0 D] E I UO OWak 2 [] B UO. U U CE DO UO U U I 0O Walk 1 is the first walking reaction[] 
Walk 2 is the second walking reaction[] black box means the adapter. 
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Table 1 Primers used in the study for amplification of 
5'-upstream region of CYP9A12 
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Primer name Primer basé] 5' > 3'[] 
AP-1 GTAATACGACTCACTATAGGGC 
AP-2 ACTATAGGGCACGCGTGGT 
W19A12-GSP1 ACGCCATACCGAGAGAACCTCGAGTAG 
W19A12-GSP2 CGCCACCCAGACCAGGACTAGTATCAT 
W29A12-GSP1 TGCCTGACGCTAACCCCCCTTAGGAAT 
W29A12-GSP2 TGGCCCAAAGTGCTGGTGGAATGCACT 
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Fig. 2 Identification of integrity and purity of 
genomic DNA of Helicoverpa armigera 
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CGAAAGGATCAAAATGGTTTGTGTGACTATACGTGAAGTATGATAGGCACGCACACAGCCGCGACGCTAGTCTGCGCGGTTTTTTGCGTT 


GATA-1 


GAATTACCTAAAGTTGACATCGCGCGCCGAGCGTACACGCTCTTAAATAGAACAATAAAGTACAAAGCTATTCCTTACTTCTTAGGAAAT 


Dfd 


CTTTTCTAGCAAGCCCGCTATGGAAGACTTTAATCGGGATTAGTAGTATTGTTAAAAGCAAACATTTTTGGAACCTTTTAGCTTTTCAAT 





Dfd 





AACTTAATTGGGTTCTTTAGTAAGTGGTACAAGAGAATCATCTGCTTACTACAATAATAAGTACACCTCTATCATCATCTGCCTAGCCTT 


TTCGTTTCTTTTTCTTTTTCCCCTTGTTTAAGTCAGCTTGCAGTTTAACTGCATGCAGCTGAGTACCAGTGTTTTACAAGGAACGACGGC 


ATATCTGAGCTCCTTAACCCAGTTACTCTGGCGACCTGATGCCTGGACCTTACTGGCTTCTGGCTACTTCTAACTTGACTAAGGAAGCTA 


AGGCCTAGTGCATTCCACCAGCACTTTGGGCCACCCGCAAGGTGGCGAACAGTCCACCTCAATAGCATTCCTAAGGGGGGTTAGCGTCAG 


GCAGGTGGCCGGCTGTAAAACTTATGCCAAAAAAAATTGCGGAATGTTTAGGAAGGAGAAAACATGCAGCGCCGTCCCCAAATAAAATTG 


C/EBP 


GGATAAGGGCAGGAGAATGATGATGATGGAAAATCTCATCACGACAAGATGGACATATGTCCATGGACTGATCACGCCAAGCGTTGCTTT 


GATA-1 


ACATTTTGACTCGATCTAAACGTCTATGTTGTACAATATTCGCTAATTTCCACAAGGAGCATTTAAATATCGAAAAGGCCGAAAACTTTG 





CAAT-box 


AAAAGACGTTCACTGCACGTTTCAGCTTTGATGTTGTTTAGCAATTATAATTACATTAAAAAACATATTTTTTGTATTTAATGTTTATAA 
TATA-box 
AATAAATATATGACATAAAAATTGCTTCTTTATTTTTACCGACTCCCGCAAAATCCGACTGCTAAATTGCGCATCGTAACGTGCTATCAT 


TATA-box C/EBP 





ATCAGATAAATACCTTCTATTTTAAATTGTAATTGGTAAACAAAAATAAGTGTTAAGCTTTTCAGCAGGGTATATACCTACTTAGCGATA 


GATA-1 


ACGTGAGATATACAAACGTATCTACATATATAT TAGCTTAGCTCGCTCTTAGTACAATCAGAAACGGCTTAACGGTGTTTCAAGTAACAC 








GATA-2 TATA-box 


GTCCGTGCGTACCAAACTTGTATTTGACGTTTAAATTACGCATTTTTAAATAAAAAATTGTGCCAGTTACACATACTAGTGTTGTGACAA 


CRE/BP 
ATGATACTAGTCCTGGTCTGGGTGGCG 





CATAAGTAAGC[GT----AG 
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Fig. 3 The 5'-upstream region sequence of Helicoverpa armigera cytochrome P450 gene CYP9A12 
iIcr----A.cigüDaüunnagnanüamungapnagagpnaüupnaggpgpnagn 


IGT- - - - AGI indicates the intron area. Sequences in bold and underlined are 


transcription element binding sites. The same for the following figure. 
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GTAAGTATTTTTTTTATATTTGGATTCAATATTGTTTTATTTCCGTAATTTTGTTTACGTTTTTTGTGACAGTTATTTTTATTGGTAGTCGTAGTTTTTC +233 
CdxA 
TATGGTACACAATTGTTTTGGTAGGTACTTTTTGTCTTCGATGAGTAAACTAATTGAATAGGTTAATCTTGCTATTAATTAATTTATTTGACAATTTATA +333 
Dfd CdxA 
GAGTAACGAATAAAAATAAATGAATAGCAAATTCGTGAATGAGACCGATTATTACGAAATATTAAGATTACTAGACCGCGAGTAATACTTGTTATATAAA +433 
C/EBPa 
AACTCGTAATTACGTAAAATAAAGAAACTTAAAACTGAAACCAGTTTTAAAATAGAGTTAAAGGCTTTTAGCACTAAATTTTAAATCAGCTGAGAATAAG +533 
Oct-1 
GAATAATTCTACATTGCTTTTAAATTCTATAATCGAAATACAAATTTCTCCGTTTGAATTTAATACCTATCCATAGTAACTCTTTAGAAACATGATTCTA +633 
CdxA 
ATCACAAAGTATTACAGTGGACTGTAAGACGATTGTAATAGGGCGATATAGGTAGGTAATAGAGGATTAACTACAGATACATAGTTACAGTACCTACTGT +733 
Dfd HFH-1 
TTAGTTTATAATTACAGTCACACATAGCTATTCTCGACACATAGACTCGATTGATAATAATTGTTACCTATTTACGCTTCTAAAAGCATTTGCGTGCATT +833 
Oct-1 
AAATATTGTAAACATCAAATACTAAAAAACTTTAAATAACCACCTCTAAACAATGTTAATGTACTAATACATGGAAAATGGAGCCCTTTATGAGATAAGA +933 
Brn-2 GATA-1 

GCATATCATTGGTATTAAATCGAGTGAAAAAAAAACATCGGGATTTTAATTTGTCAAGATCTGAATTGAAACAGACATTGACAAAACTTCTCTTTAAATA +1033 
C/EBPa 
TAATAATATAACTTACCGATGGACTTATTATGTGACTAAGTACATGAGCACCTAAATACTGAATGAGTCGTATGAATAAACGGTGAATCGTCTAACACGC +1133 
CdxA 
CCAGCACTACTGCAAAATTACTTGGTAAACAATAATATTATGATTTGAAATCGTGTTTTATATGTGTCAAACCGGTTTTATTACGTTTTGGTTATCAGGT +1233 











TTTAATGACATTTAAAAACAGTGTATTAAAGTTTTAACATAGTCGAGTCATCACTTTTGATATGTTTTTGAATTCTGAGTTTAACAATTAAATCCTATTA +1333 
Dfd 
CTACATGCCATGAGGAAAATTTATTTTAAAATGTTAACTTTGAAGTTTGTTTTAAGATGAAAGTATAAAATACTTTTAAATCTTTAAGTCTTCTAATTAAG +1433 





TACTAACCTCCCCACTCAGAGACATTAATGGTTACTTAAGCCATTCCTCAGTGAAGGATTGTATGACATTCCGTCACTAAGAAGTGACTTAAGTAATCAT +1533 
CdxA 


TAAATGTCTCTGCGTGGGGAGGTAAACGTTATTGTAATTTTTTCTTTGCTGGAATAAGAAGATCGATATCAAATGTGAAAATCGATACTGAAAATCCACA +1633 





TTCCACAATTAATTAAAGAAGATTAATGGATTGTCATTAACAATGCAAATTAAGTATAATCTTTATACAAATCCTGTCGAGTGGTTTACCTTGGTACTAA +1733 
Oct-1 
CACATGAAGCGTATACTTATTTACTAATACTTAGAAAACACGTGGTACAAAATGTGTACACATAGGTACAATATGTTAATTATGTACTTAAACGTAATCA +1833 








AGATAATTATCATTGTTTGTCTGTGACTTTATCTAGTCTTACATGAAGTTAATACTAAAGTGCATGTTTTGAAGATAGTGACTGATAAAAAAATGATAAA +1933 
GATA-I CRE/BPa 
AAATCATTTAGGCTTTAAGGAAGCCACATTCAATTATGTTATCTATAAGGATGATCCAAATAATTTAAATATAGATAAAACCGTTTTGTTGCTTGTAGAA +2033 


TCAACTCGAAGATATAGATATTCTAAAGGTATTTAATGAAGGTTATAATATAACAAGAAGTGTCATGAAAGTGCATAAAATGATCCTAAATATTGATAAA +2133 
C/EBPa 
AATGAAAACGATGAATAGTAATAAAAAGGTATAAGTGTAACTTTGAAATAAAATACAATTGAAGATCTCAATGAAGACAAAATATTAGCAGCAATAATAA +2233 
CdxA 
CGCTAAACACAATCGTTGTTACAG +2257 
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Fig. 4 Sequences of the intron within the 5'-UTR region of 
Helicoverpa armigera cytochrome P450 gene CYP9A12 
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